•\ temporal pattern of stimuli; adaptational stimulation
The pattern of impulses in the nerve has beeninvestigated in vertebrate materials by many authors (Bronk and Ferguson 1934; Bronk and Stella 1934; Yoshioka 1942; Sato 1949; Hagiwara 1949 Hagiwara , 1950 Hagiwara , 1954 Wakabayashi and Hagiwara 1949; Tokizane and Shimazu 1964; Farber 1964) . The effects of the artificial patterns of stimulation have also been studied in vertebrate materials (Douglas et al. 1956; Wakabayashi and Saito 1959; Wakabayashi 1961 Wakabayashi , 1965 Partridge 1966; Wilson and Lalimer 1968; .Burke et al. 1970) . Pattern sensitivity of the neuromuscular synapse has been reported (Libet et al. 1951; Kuffler 1952; Takeuchi 1957; Wakabayashi and Iwaski 1962) .
Our previous study on the crayfish nerve-muscle preparations showed that the intermittent and intercalated stimulation to the motor nerve produced an enhanced muscle tention when the pattern was appropriate (Wakabayashi and Kuroda 1977) . In addition, the adaptational type of stimulation brought about a rapid development and well-maintained muscle tension when an appropriate pattern was used. The present  study was undertaken  to ascertain  as to whether  the similar results can  be obtained  from vertebrate  materials,  such as nerve-muscle  preparations  and spinal reflex preparations of the bullfrog and the frog.
MATERIALS AND METHODS
The nerve-muscle preparations were prepared from the gastrocnemius, iliofibularis, sartorius and semimembranosus muscles of Rana catesbiana and Rana nigromaculata. A small fluid electrode made of Incite was used for stimulating the nerve. The muscles were equilibrated in normal Ringer or Ca-deficient Ringer solution, and their tension development was recorded by the same transducer as that used in a previous study (Wakabayashi and Kuroda 1977) . In the case of the gastrocnemius of Rana catesbiana, the nerve fibers in the sciatic nerve were partially dissected to reduce the tension developed, because of the high sensitivity of the transducer used.
The reflex preparations were prepared as follows:
The cerebrum of frogs was crushed with cotten wool with care of preventing bleeding as possible.
The extremities of the animal were tied to a wooden plate, and two points of the femur were fixed firmly to supporting iron rods. Various leg muscles were separated with great care from their surrounding tissues. The femoral or iliac arteries were usually ligated.
The distal end of the gastrocnemial muscle was connected to a tension transducer.
For stimulation of the afferent nerve, the peroneal or tibial nerve was dissected out and its central portion was stimulated by the use of a small fluid electrode of the same type as that used for stimulating the motor nerve. In some cases the ventral root was stimulated.
The exposed portions of nerves and muscles were frequently moistened with Ringer solution to avoid drying.
To keep the condition of the preparation steady as long as possible, suitable rest period of about 5 min or more was usually interposed between two consecutive experiments. It was often difficult to keep the state steady long enough, especially in the spinal prepara tions. The height of contraction decreased slowly but progressively with time , although its pattern of the response remained unchanged.
In very favorable conditions, repeated responses were constant in regard to the height and the configuration.
In the most favourable cases of spinal preparations in which bleeding was fully avoided, weak responses were observed even in the next day.
The authors made it a rule to compare the test curve carefully with the control one. But in some cases of the adaptational stimulation, it was compelled to compare the pattern after allowance for some temporal fatigue.
In some experiments, the nerve-muscle preparations equilibrated with calcium-deficient Ringer solution were used in order to increase the sensitivity of the preparation to the patterned stimulation.
Apparatus for stimulation and recording. Electronic devices for obtaining various patterns of stimulating pulse trains were the same as those used in the previous report on the crayfish (Wakabayashi and Kuroda, 1977 and quadruplet stimulation in which the spacing interval (the interval between stimuli in a group) was 10 cosec, mean frequency of stimuli 20 Hz (a) or 33.3 Hz (b), the total number of stimuli; 20 in both. With quadruplet stimulation of the mean frequency 33.3 Hz, the spacing effect (Ripley and Wiersma, 1953) ; the height of contraction by the specially spaced stimulation as compared with the height of contraction by the regularly spaced one, was 138% in the case of (b). The maximal spacing effect varied when the mean frequency was changed. To ascertain the dependence of this effect on properties of the neuromuscular junction, direct stimulation with the same pattern was carried out on a curarized preparation, where the spacing effect was scarcely observed even though the intermittent stimulation of various patterns was tested. Wakabayashi and Iwasaki (1962) previously demonstrated that, in frogs, the neuromuscular transmission showed remarkable l'addition latente when the nerve-muscle preparation was equilibrated with a calcium deficient Ringer solution. In such a preparation, the nerve stimulation was sometimes effective but sometimes ineffective according to the interval of stimuli. In the experiment shown in Fig. 2 , the pattern sensitiveness of the nerve-muscule system was increased in a Ca-deficient solution (1/10 Ca-Ringer). The iliofibularis sciatic nerve prepara tion of Rana nigromaculata was preferably used in such a type of experiments be cause the preparation was easily equilibrated with the low-Ca bathing solution. After making sure by a trial stimulation that the response became steady, the spacing effect was examined. Tension development by a single stimulus became weaker and slower with deficiency of calcium, whereas a pronounced facilitation appeared by repeated .stimuli, and at the same time the effect of intermittent stimulation became evident. Fig. 2 shows the increased effect of the doublet stimulation as compared with a former simple repetitive stimulation. The spacing interval in the former was 5 cosec and the mean frequency was 50 Hz. The spacing effect was remarkable. With quadruplet stimuli of the same mean frequency, the effect was about 217%. The influence of calcium deficiency was observed similarly also in the nerve-muscle preparation of Rana catesbiana. Effects of doublet (middle) and quadruplet (right) stimulation were compared with that of monotonous stimulation (left). Nerve muscle preparation of Rana nigrornacula.ta;; iliofibularis tension curve.
Sciatic nerve stimulation.
Mean frequency: 50 Hz; spacing interval: 5 msec. 1/10 Ca++-Ringer solu tion. Spaced effect, is noticeable.
Dec. 24.
Intercalated stivoilation. The catch action induced by an intercalated stimulation, which was reported in the previous paper on the crayfish muscle (Wakabayashi and Kuroda 1977) , was also seen in M. gastrocnemius and iliofibularis of the frog and in M. gastrocnemius of the bullfrog. The catch-like action was very marked when the preparations were equilibrated with Ca-deficient Ringer solution. Fig. 3 shows the responses of iliofibularis muscle of the frog in normal (A) and Ca-deficient Ringer solution (B). The holding effect after the extra stimulus of triplet impulse can be seen. To see whether these effects are ascribed exclusively to the nerve-muscle synapse or not, similar stimulation was applied to the curarized muscle equilibrated in calcium deficient (1/4 Ca++) Ringer solution (Fig. 4) . The weak catch-like action was observed, indicating that the participa tion of muscle element: could not be, absolutely excluded in the holding mechanism. Fig. 5 shows another example in which the effect of intercalating stimuli given during the background stimuli was tested (Fig. 5) . The developed tension was maintained longer by the background train of stimuli.
Adaptational stimulation. When an appropriate pattern of the adaptational type of stimulation was given, the effects similar to those found in the crayfish (Wakabayashi and Kuroda 1977) were observed, i.e., the rapid tension development and its long maintenance. Fig. 6 shows a case of the frog nerve-muscle preparation. As the tachogram shows, the interval of stimuli began with 5 msec and increased to the final one of 20 insec. Two control contractions evoked by the monotonous stimuli of 5 msec interval were recorded (broken lines) before and after the adapta tional stimulation. The solid line shows the contraction by the adaptational stimulation. To a certain extent similar tine course of tension development was also observed with direct stimulation of the muscle (curarized preparation). Thus, this pattern of response cannot be exclusively ascribed to the junctional property. The latter record was not presented in the figures.
Spinal reflex preparation Intermittent preparation. With a spinal preparation from the bullfrog, the effects of the pattern-stimulations were investigated (Fig. 7) . Usually the tension development was irregular and not uniform especially in fresh preparations. The uniform results were obtained when rather aged preparations were used and the submaximal stimulation was given.
Afferent fibers of the peroneal or tibial nerve or, in some cases, dorsal roots were stimulated.
Tension of ipsilateral gastro enemius was recorded. The stimuli were spaced in almost the same way as in the Patterns of the train of stimuli are shown by tachograms as in Fig. 6 . The period of stimulation was the same, while the number of stimuli was larger in the latter. Reflex tention remained longer in the case of the adaptational stimulation. Oct. 6. case of the nerve-muscle preparation.
Intercalated stimulation. Additional experimen
The effect of recurrence of the adaptational type of stimuli to the nerve-muscle preparation (A) and to the spinal preparation (B) were examined (Fig. 10) . Similar results were found in both types of preparations. The initial and final intervals of the adaptational stimulation used here were 8 and 30 msec in (A) and, 10 and 15 msec in (B). Broken line shows the tension of control contraction caused by monotonous stimuli, intervals of which were 8 cosec in (A), 10 cosec in (B). The tension grew rapidly but transiently, and decayed soon. On the other hand, the adaptational stimulation evoked a rapid development of tension and the recurrence of the stimulation maintained well the tension developed.
DISCUSSION
The present study extended our recent study on the crayfish nerve-muscle preparation to the nerve-muscle preparation as well as the spinal reflex preparation of frogs. The enhancement of evoked muscle tension by an appropriate in termittent stimulation was demonstrated by estimating the spacing ratio after Ripely and Wiersma (1953) . The enhancement and catch-like response of tension by an. intercalated stimulation were similarly observed in the present preparations as in the crayfish preparation. This may suggest that the pattern of impulse sequence has some physiological meaning in the nervous circuit. Supposing that one of the converging fibers to a common nerve cell conveys background train while the other fiber does intercalating extra-impulses, one can expect the impulses from both fibers travel the common path and produce the intercalation effect in the target organ. The experiment by Fessard and Tauc (1958) suggested this possibility. By the stimulation with the adaptational pattern appropriately spaced, the rapid development and long maintenance of the tension were obtained as in the case of the crayfish. The conduction rate of successive spikes in frog nerves by high frequency stimulation was reported not to be constant (Wakabayashi and Ichioka 1950; Ichioka. 1951) . But this error could be neglected in the range of interval adopted in the present experiment.
Previous study on the adaptational type of stimulation by Wakabayashi and Saito (1959) must be shortly cited here. The nerve trunk of the frog was submaxinially stimulated with a definite frequency and the spike train was recorded at a point of the nerve some millimeters apart. The height of spikes in the train decayed soon. And as the frequency became higher, the depression of spikes was remarkable. This depression in height of spikes could be changed to a series of uniform height except the first one when the stimulation of an appropriate adapta tional pattern was used. In this case the succeeding interval was increased with geometrical progression of a common ratio of 1.1-1.2. In the present experiment, such an appropriate pattern which produces a rapid development and long maintenance of tension in muscle was selected after trials.
The results of adaptational stimulation in the present study showed the mode of coding of impulses to evoke an immediate development and long maintenance of muscle tension in emergency case.
As shown in Fig. 10 , when two series of the adaptational stimulation were continued without a break, each series evoked rapid development and maintenance of tension in succession, while monotonous stimulation of high frequency in the same duration evoked only a transitory rapid development of tension. This suggests a physiological meaning of the repetition of adaptational stimulation. Trains of impulse series in succession may become physiologically significant, if it is of appropriate adaptational type.
Moreover it is worthwhile to suggest that the peculiar effect might be produced by the patterned stimulation to the nerve not only in the muscle contraction, but also in other fields of physiology as was reported by Wakabayashi et al. (1976 a and b) . This may also suggest a new mode of stimulation in general neurophysio logical studies in future.
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